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A study was conducted to compare the susceptibility of legionellae and
coliforms to disinfection by chlorine. The chlorine residuals used were similar to
concentrations that might be found in the distribution systems of large public
potable water supplies. The effects of various chlorine concentrations, tempera-
tures, and pH levels were considered. A number of different Legionella strains,
both environmental and clinical, were tested. The results indicate that legionellae
are much more resistant to chlorine than are coliform bacteria. At 21°C, pH 7.6,
and 0.1 mg of free chlorine residual per liter, a 99% kill of L. pneumophila was
achieved within 40 min, compared with less than 1 min for Escherichia coli. The
observed resistance is enhanced as conditions for disinfection become less
optimal. The required contact time for the removal of L. pneumophilia was twice
as long at 4°C than it was at 21°C. These data suggest that legionellae can survive
low levels of chlorine for relatively long periods of time.

During the past several years, Legionella
pneumophila has been isolated from shower
heads, taps, mixing valves, and hot water tanks
of hospitals, hotels, and homes (7, 8, 25-27, 29).
In a number of cases, the occurrence of legionel-
lae in the plumbing systems was associated with
disease; in other cases, it was not.
These bacteria have been found primarily in

hot water systems. In particular, large numbers
of legionellae have been detected in the sedi-
ment that accumulates at the bottom of institu-
tional hot water tanks. Typically, the tempera-
ture at the bottom of the tanks, especially in
hospital tanks intentionally maintained at rela-
tively low temperatures (e.g., 43 to 55°C), falls
within the optimal range for the growth of these
organisms (19, 29). It has been shown experi-
mentally that L. pneumophila grows in unsteril-
ized tap water within the range of the tempera-
tures found at the bottom of institutional tanks
(31). This observation led to the hypothesis that
hot water tanks act as breeding sites for the
contamination of plumbing systems (29).
A question arises concerning the initial intro-

duction of L. pneumophila into the hot water
tanks. It has been suggested that plumbing sys-
tems may be seeded by small numbers of legion-
ellae from public water supply reservoirs (25,
29). However, attempts to actually isolate these
bacteria from the mains of water supplies have
not been successful (12). Such evidence would

be difficult to obtain since the legionellae may
occur sporadically and in low numbers.

Legionellae in a public water supply would be
exposed to chlorine concentrations that had
been adjusted to control the presence of the
indicator coliform bacteria. A number of studies
have been conducted to determine the bacteri-
cidal effectiveness of a variety of disinfectants
against L. pneumophila (11, 13, 15). Most of this
work has been directed toward problem areas
such as cooling towers and evaporative con-
densers of air conditioning systems. Skaliy et al.
(24) found that free chlorine at concentrations of
3.3 and 6.6 mg/liter rapidly inactivated L. pneu-
mophila. These relatively high chlorine concen-
trations were typical of those utilized in cooling
towers. Wang et al. (30) examined the effective-
ness of disinfectants at concentrations normally
used in hospitals for the decontamination of
tissues and surfaces. The investigation included
the effect of relatively high concentrations of
hypochlorite on both L. pneumophila and Esch-
erichia coli. Their data suggested that legionel-
lae might be somewhat more resistant to these
high chlorine concentrations than are the coli-
form bacteria. They also raised the suspicion
that the amount of residual chlorine recommend-
ed for standard water purification might not be
sufficient for killing L. pneumophila when the
bacteria are present in high numbers.
Our study pursued the question of Legionella
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susceptibility to chlorine by examining the bac-
tericidal effectiveness of chlorine at levels which
might be found in public water distribution sys-
tems. A number of Legionella strains from sev-
eral sources, both environmental and clinical,
were examined for susceptibility to chlorine. A
comparison was made with E. coli, Klebsiella
pneumoniae, and Enterobacter aerogenes since
these bacteria are members of the coliform
group which is the commonly accepted microbi-
al indicator for disinfection. Consideration was
also given to measuring changes in susceptibility
of L. pneumophilia to variations in chlorine
concentration, temperature, and pH level that
might be found in different water systems.

MATERIALS AND METHODS
Bacteria. A number of bacterial strains from various

sources were used in this study (Table 1). Several
environmental strains of L. pneumophila were isolated
from samples collected from the Allegheny River in
Pittsburgh, Pa. This river is the source of water for the
municipal water supply system. To obtain these iso-
lates, 20 liters of river water were concentrated to 10
ml by centrifugation on a Sorvall model RC-2B centri-
fuge that was equipped with a continuous-flow attach-
ment. Due to the biological complexity of the river
water, acid and heat enrichment procedures were used
to exclude competing microorganisms. The concen-
trate was heated for 30 min at 50°C and then treated
with 2 parts of a 0.2 M HCl-0.2 M KCI buffer solution
(pH 2.2) (3, 31). The sample was then plated on a
selective medium, differential glycine-vancomycin-
polymyxin B agar (28). L. pneumophilia was identified
on the basis of colonial morphology, the inability to
grow on unsupplemented buffered charcoal-yeast ex-
tract agar, and the direct immunofluorescence test (6,
28). The environmental isolates used in this study had
been subcultured three times on artificial medium
before this experiment.

Environmental strains of L. pneumophila sero-
groups 1 and 6 and Legionella micdadei were also
isolated from water and sediment which had been
collected from the bottom of hospital hot water tanks
by direct plating of the samples on differential glycine-
vancomycin-polymyxin B agar.
The Centers for Disease Control-derived strain of L.

pneumophila (Philadelphia 1), the clinical isolate of L.
micdadei (EK), and the American Type Culture Col-
lection-derived strains of E. coli (ATCC 25922) and
Staphylococcus aureus (ATCC 25923) were kindly
supplied by A. W. Pasculle of the Presbyterian-Uni-
versity Hospital, Pittsburgh, Pa.
Experimental procedure. The bactericidal effective-

ness of chlorine was examined by inoculating tap
water with known quantities of legionellae and treating
these aquatic test systems with chlorine. The action of
chlorine was stopped by the addition of 0.1 ml of a 10%
(wt/vol) solution of sodium thiosulfate to a 10-ml
sample. Viable counts of legionellae were obtained by
plating both 0.1 and 0.5 ml of a test system on buffered
charcoal-yeast extract agar (21). Colony counts were
performed after incubation of the plates at 37°C for 7
days. Appropriate chlorine, bacteria, and thiosulfate
controls were included in each experiment. The inhibi-

TABLE 1. Bacteria tested for chlorine resistance
Bacteria Origin (strain)'

L. pneumophila
Serogroup 1
Serogroup 1
Serogroup 1
Serogroup 6

L. micdadei

E. coli

S. aureus

K. pneumoniae

E. aerogenes

Allegheny River
CDC (Philadelphia 1)
Hospital hot water tank
Hospital hot water tank

Hospital hot water tank
Clinical specimen (EK)

ATCC (ATCC 25922)
Allegheny River

ATCC (ATCC 25923)

Allegheny River

Clinical specimen
a CDC, Centers for Disease Control; ATCC, Ameri-

can Type Culture Collection.

tion of L. pneumophila and the other bacteria by
sodium thiosulfate was tested by the addition of the
thiosulfate solution to test systems in the presence and
absence of chlorine. The exposure of the bacteria in
these test systems to the thiosulfate for up to 2 h did
not affect their viability compared with control sam-
ples which did not contain sodium thiosulfate.
The basic experiments involved a comparison of an

environmental isolate of L. pneumophila serogroup 1
from the Allegheny River with an American Type
Culture Collection-derived strain of E. coli. Both
bacteria were exposed to identical chlorine concentra-
tions under the same environmental conditions. A free
chlorine residual of 0.1 mg/liter was used as the
"standard" chlorine concentration. The standard en-
vironmental conditions for the basic experiments con-
sisted of pH 7.6 at 21°C. After the addition of chlorine,
the sample was rapidly stirred for 30 s at 200 rpm with
a Teflon-coated magnetic stirring bar and then slowly
stirred (60 rpm) for the remainder of the experiment.
The above chlorine concentration and environmental
conditions were chosen to simulate conditions that
might be found in the distribution of a large public
water supply.

In addition to performing experiments under stan-
dard conditions, the comparison between L. pneumo-
phila and E. coli was extended to other chlorine
residuals and environmental conditions. In studying
the effects of different chlorine concentrations, the
same experiment was repeated under standard condi-
tions of pH and temperature but at free chlorine
residuals of 0.2 and 0.5 mg/liter. Temperature varia-
tions, 4 and 32°C, were tested with a standard chlorine
residual of 0.1 mg/liter and pH 7.6. Similarly, the effect
of pH 6.0, 7.0, and 7.6 was determined under standard
conditions of 0.1 mg of total chlorine per liter at 21°C.

Test system and chlorine determination. The aquatic
test system consisted of sterile 1-liter Erlenmeyer
flasks containing 600 ml of tap water. The water was
obtained from a tap in the municipal water distribution
system. Tap water was used because the purpose of
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TABLE 2. Comparison of chlorine demand of
boiled tap water with demand of deionized, distilled

water'

Boiled tap water Deionized distilled water

Total Free Total Free
chlorineb chlorineb chlorineb chlorineb

0.05 0.05 0.05 0.05
0.10 0.10 0.10 0.10
0.25 0.25 0.25 0.20
0.35 0.35 0.35 0.30
0.50 0.50 0.50 0.45
0.60 0.60 0.60 0.55
a Essentially chlorine demand-free.
b Milligrams per liter as determined by the amper-

ometric method.

this study was to investigate the survival of legionellae
in a municipal water system. Dechlorination of the tap
water was accomplished by boiling it before use. The
water was then buffered with a phosphate buffer.
KH2PO4 (0.5 M) and K2HPO4 (0.5 M) were mixed and
diluted to a final pH of 6.0, 7.0, or 7.6 (standard) and a
final concentration of 10 mM. A 100-mg/liter stock
chlorine solution was prepared by dissolving calcium
hypochlorite in sterile, distilled, deionized water. A
Milli-Q system (Millipore Corp., Bedford, Mass.) was
used to deionize the water. Chlorination of the test
system was achieved by adding precalculated volumes
of this stock to the buffered tap water. Free and total
chlorine concentrations were measured at the begin-
ning and end of each experiment by the amperometric
method (2) to ensure that no unexpected chlorine
demand had appeared in the test system water. Free
and total chlorine measurements were also performed
at the end of each experiment to determine the degree
of chlorine depletion. Chlorine loss never exceeded
10% during any of the experiments.

Initially, the chlorine demand of boiled tap water
was compared with that of essentially demand-free,
distilled, deionized water. Various amounts of hypo-
chlorite were added to portions of each type of water,
and the total and free chlorine concentrations were
measured. Boiled tap water was found to be essential-
ly demand-free (Table 2).
To prepare inocula for the test system, Legionella

and non-Legionella bacteria were cultured on buffered
charcoal-yeast extract agar at 370C. Legionellae were
incubated for 76 h, and the non-Legionella bacteria
were incubated for 24 h. The bacteria were scraped
from the plate, washed twice with 30 ml of distilled
water, and then suspended in 5 ml of distilled water.
This inoculum was added to the aquatic test system to
achieve a bacterial density of ca. 3,000 CFU/ml. This
density of L. pneumophila is within the range reported
in contaminated hot water tanks (29).

RESULTS
The effect of chlorine on L. pneumophila at

various concentrations of chlorine, contact
times, pH levels, and temperatures is summa-
rized in Fig. 1 to 3. The results are expressed in
terms of percent survival at progressively longer

0 0.1 mg/L

' 1*+ o 0.2mg/L
> 10.U0.5mg/_

z

0.1 - *I,.
0 10 20 30 40 50 60

CONTACT TIME (minutes)
FIG. 1. Bactericidal effect of different concentra-

tions of chlorine on L. pneumophila in tap water at pH
7.6 and 21°C.

times of exposure under each of the sets of
conditions. E. coli was not detected in the
samples within min 1 of treatment with chlorine.
Identical results were obtained with S. aureus as
well as with a strain of K. pneumoniae that had
been isolated from a sample of river water. A
river water sample containing a natural popula-
tion of coliforms was also tested. These coliform
bacteria were likewise killed within min 1 of
treatment. Because the earliest sampling period
after the addition of chlorine was 1 min, bacteria
other than L. pneumophilia are not represented
in the figures.
Under the standard conditions of pH 7.6, a

temperature of 21°C, and a free chlorine residual
of 0.1 mg/liter, a 99% kill of the legionellae did
not occur until a contact time of between 30 and
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FIG. 2. Effect of pH on bactericidal activity of 0.1
mg of chlorine per liter on L. pneumophila in tap water
at 21°C.
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FIG. 3. Effect of temperature on bactericidal activ-

ity of 0.1 mg of chlorine per liter on L. pneumophila in
tap water at pH 7.6.

60 min had elapsed. In addition to the standard
bacterial concentration of 3,000 CFU/ml, a 10-
fold increase and a 10-fold decrease in the num-
ber of bacteria were also tested. The kill rate
was not affected by these changes. This latter
finding is consistent with the observations of
Butterfield et al. on other bacterial species (5).
Increasing the total chlorine concentration (Fig.
1) predictably enhanced the bactericidal effect,
resulting in a 99% kill within the first 5 min at a
concentration of 0.5 mg/liter.

Decreasing the pH exerted an effect similar to
that of increasing the chlorine concentration
(Fig. 2). A contact time of ca. 40 min was
required to eliminate 99% of the Legionella
population at pH 7.6. In contrast, less than 10
min was required at pH 7.0 and less than 5 min
was required at pH 6.0.
Temperature also exerted a dramatic influ-

ence on the chlorine disinfection of L. pneumo-
philia (Fig. 3). The time required for a 99% kill at
0.1 mg of chlorine per liter decreased from 40

min at room temperature to less than 30 min at
the higher temperature of 32°C. At 4°C, between
60 and 90 min was required for a 99% kill.

In addition to examining the bactericidal ef-
fectiveness of chlorine on a strain of L. pneumo-
phila that had been isolated from a river water
sample, a number of other environmental and
clinical isolates of legionellae were tested (Table
3). All of these isolates were studied under the
standard conditions of 0.1 mg chlorine per ml,
pH 7.6, and a temperature of 21°C. The contact
times necessary to eliminate 99% of these popu-
lations were as long or longer than those re-
quired for the river isolate of L. pneumophila
that had been used as the primary test organism.
Long contact times were required for the clinical
and environmental isolates of L. pneumophila,
regardless of serogroup or origin, as well as for
L. micdadei. These results indicate that legionel-
lae can survive for relatively long periods of time
at low concentrations of chlorine under a variety
of temperatures and levels of pH.

DISCUSSION
Hypochlorites have been employed for the

disinfection of water for potable use since 1894
(22). The basis for the establishment of effective
levels of chlorine is the susceptibility of E. coli
and other coliform bacteria. These bacteria have
served as indicators of the bacteriological quali-
ty of water supplies since the publication of the
first edition of Standard Methods ofWater Anal-
ysis in 1905 (1). Some waterborne pathogens
have been shown to be more resistant than the
coliform bacteria to chlorine (4, 10, 16, 18, 20,
23). These reports and the incidence of diseases,
such as hepatitis, giardiasis, and gastroenteritis,
have periodically prompted reconsideration of
the coliform bacteria as microbial indicators of
water sanitary quality (17).

Levels of L. pneumophila ranging from 9 x
103 to 3.3 x 107 organisms per ml have been
detected by direct immunofluorescence in sur-

TABLE 3. Survival of environmental and clinical Legionella isolates under standard conditionsa
% Legionellae surviving after following min of chlorine treatment:

Bacteria Source
1 5 10 30 60 90 120 150

L. pneumophila
Serogroup 1 Allegheny River 65b 19 13 4 <1 <1 <1 <1
Serogroup 1 Hot water tank 56 19 20 17 6 <1 <1 <1
Serogroup 1 CDCC (Philadelphia 1) 85 20 11 10 5 3 <1 <1
Serogroup 6 Hot water tank 47 15 6 6 4 4 2 <1

L. micdadei Hot water tank 31 9 6 4 3 2 <1 <1
Clinical specimen 55 20 9 6 3 2 <1 <1

a Free residual chlorine, 0.1 mg/liter; temperature, 21°C; pH, 7.6.
bCompared with the concentration of legionellae before the addition of chlorine.
c CDC, Centers for Disease Control.
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face waters (14). The recent detection of L.
pneumophila in the plumbing systems of institu-
tions has raised the suspicion that municipal
drinking water systems serve as pathways for
this contamination (9, 25). Our study directly
involved a measurement of the effectiveness of
chlorine in killing L. pneumophila and indirectly
involved an assessment of the coliform bacteria
as indicators of this process. Our results with E.
coli are consistent with those of earlier workers:
a 99% kill of these bacteria is achieved within a
very short period of time. In contrast to these
results, L. pneumophila may survive for periods
of longer than 1 h under the same conditions.
The bactericidal action of the chlorine is en-
hanced at higher temperatures and at lower pH
levels. These findings are consistent with studies
which were done with other bacteria (4, 5).
Thus, the survival of L. pneumophilia in chlori-
nated waters may vary with the season and
geographic area.
As stated previously, the criterion for a sani-

tary quality of water supplies is elimination of
coliform bacteria. Our observation that legionel-
lae are more resistant than coliform bacteria
suggests the possibility that small numbers of
legionellae may occasionally survive in waters
that have been judged to be microbiologically
acceptable. This difference in susceptibility to
chlorine tends to increase as conditions become
less optimal, e.g., higher pH, lower tempera-
ture, and lower chlorine concentration. These
findings support the hypothesis that small num-
bers of legionellae may pass through public
water supplies and subsequently contaminate
internal plumbing systems. It should be noted
that, to date, L. pneumophilia has not been
isolated from water in reservoirs or in the water
supply mains. Currently available methodology
does not appear to be sufficiently sensitive to
detect very low numbers of legionellae. Even if
these bacteria are present in potable water, the
extent of the hazard posed is not entirely clear.
Plumbing systems and potable water have been
shown to contain legionellae in some institutions
in which outbreaks of Legionnaires disease were
occurring (12, 25, 27). However, these bacteria
have also been found in natural waters in the
absence of any association with disease and in
the plumbing systems of institutions in which no
or only infrequent sporadic disease had been
detected (14, 26, 29).
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